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GEOTECHNICAL ASPECTS OF WASTE CONTAINMENT 
by 
Jeffrey C. Evans1 
Hsai-Yang Fang2 
ABSTRACT 
Disposal Of hazardous and toxic wastes in the subsurface environment has 
resulted in the widespread application of geotechnology to waste containment systems. The 
adaption of conventional passive groundwater and surface water barriers to waste containment 
requires certain special considerations. This paper presents certain design and construction 
aspects of the application of geotechnology to the systems designed to mitigate contaminant 
migration. A systematic engineering approach to containment alternatives is presented. The 
three major components covered in detail are: 1) top seals including caps of native clay, 
processed clay and polymeric membranes; 2) barrier walls including soil-bentonite slurry 
trench walls, cement-bentonite slurry trench walls, and vibrating beam cutoff walls; and 3) 
bottom seals including liners of native clay, processed clay, and polymeric membranes. 
Emphasis is placed on geotechnical aspects design and construction practices of waste 
encapsulation including advantages and limitations. 
1 Project Engineer, Woodward-Clyde Consultants, Plymouth Meeting, PA 19462 
2 Professor and Director, Geotechnical Engineering Division, Lehigh University, 
Bethlehem, PA 18015 
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GEOTECHNICAL ASPECTS OF WASTE CONTAINMENT 
Soil Mechanics, Geotechnology, Materials, Permeability, Failure, Toxic 
Wastes, Groimdwater, Hydrology, Landfills, Environments. 
The disposal of hazardous and toxic wastes has recently become the leading 
environmental issue facing engineers. Much has been written recently regarding field site and 
subsurface investigatins, groundwater sampling, groundwater analysis, groundwater 
monitoring, basic concepts of geohydrology and hydrogeologic aspects of waste containment. 
It is the purpose of this paper to present certain of the geotechnical aspects of waste 
containment. During and after site characterization and data evaluation and assessment, 
engineers are frequently required to formulate conclusions and recommendations regarding 
applicable waste containment alternatives. Selection and design of waste containment 
alternatives are often dominated by the goetechnical parametes and geotechnical engineering 
requirements for the project. 
TYPES OF FACll..ITIES 
Most waste disposal facilities can be classified in one of three categories. These 
are: 1) past disposal sites referred to as abandoned, inactive or retired; 2) existing active 
disposal sites such as sanitary or secure landfills; and 3) future disposal sites which could 
include waste treatment, recycling and disposal complexes. A summary of the examples of the 
various facility types is presented in Table I. This paper will generally be limited to waste 
containment for past disposal sites. However much of the geotechnology presented is 
applicable for new site design and waste containment for active disposal sites. Note, as shown 
on Table 1, the limited ability to control the type of wastes for which waste containment 
systems must be designed and constructed to contain, particularly with past disposal sites. 
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TABLE I 
WASTE DISPOSAL FACILITY CLASSIFICATION 
Facility Facility Generic Control of 
Category Description Names Wastes Disposed 
I Past Disposal abandoned Little to 
site inactive none 
retired 
midnight dump 
uncontrolled site 
orphaned 
II Active Disposal secure landfil Some 
sanitary landfill 
III Future Disposal waste treatment Well-controlled 
complex 
Recycling facility 
ENGINEERING APPROACH TO WASTE CONTAINMENT 
The application of geotechnology to waste disposal requires an orderly, 
systematic approach which will permit the engineer to fully assess both the site and subsurface 
conditions and evaluate the applicability of alternatives. The project approach typified here is 
for past dispa;al sites. The following four steps are required for each project and although 
they are presented chronologically, there is a continual reassessment of the previous steps as 
the project progresses and more data becomes available. 
(1) Review existing information including historical site data, geologic data, and 
groundwater data. It is necessary to obtain as much information as possible on 
the types of waste disposed, the timetable of waste disposal, and the preVious 
disposal practices (i.e. drums, solid waste, lagoons). Air photos, which are 
generally readily available can be extremely useful. Information regarding the 
subsurface conditions can be obtained from previous records and borings and 
from the site construction history, and· from regional geologic information. 
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Forming a conceptual model of the site and subsurface conditions at this time 
will enable the engineer to better plan and conduct site and subsurface 
investigations. 
(2) Assess in detail existing site conditions, which include geologic conditions, 
groundwater conditions, and contamination distribution. Field work will probably 
be required at this stage. The use of geophysical tools pr'ior to test borings or 
monitoring well installations can provide valuable insight into the subsurface 
conditions (Kolmer, 1981) and will probably result in a more complete and cost 
effective boring and sampling program. 
(3) Quantify site conditions, including the direction, volume and velocity of 
groundwater flow, the interraction of groundwater with surface water, the 
distribution of contamination in the groundwater system and the contaminant 
loading. The degree of sophistication of this quantification phase can vary from 
a simple model to a complex computer model. 
(4) Develop the containment/treatment program; the portion of the program where 
the application of geotechnology receives the major emphasis. 
CONTAINMENT ALTERNATIVES 
A waste containment system can consist of many components. These 
components are classified in two general categories, active and passive. Active components of 
a containment system are those which require ongoing energy input. Examples of active 
components are pumping wells, disposal wells, and treatment plants. Conversely, passive 
components of a containment system are those which do not require ongoing energy input. 
Examples of passive components include drain tile collection systems, liners, caps, and barrier 
walls. Utilizing quantified site conditions, the engineer should provide conclusions, 
recommendations, and design criteria to maximize the use of passive components of the 
containment program. The system design generally minimizes the need for active components. 
Figure 1 presents waste containment alternatives. 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
.I 
'I 
I 
I 
I 
-5-
It must be recognized that even passive components may require maintenance. 
For example, it is frequently necessary to keep vegetation roots from penetrating a clay cap. 
A passive system is generally therefore not a maintenance-free system. 
In developing waste containment alternatives, it is necessary to balance the 
design approach for the site considering he magnitude and extent of the contamination 
problem, the available active and passive components, both the short and long term 
containment effectiveness, capital and operating costs, and the eventual termination of the 
system. After the development of containment alternatives, geotechnical engineers are often 
required to develop final design criteria. During the site quantification program it is 
necessary to make basic decisions as to which of the possible major components are required 
and/or feasible. For example, is a barrier wall needed? Will a treatment system work? Is a 
drain tile collection system needed? It may also be necessary to develop alternates for every 
component in the system. 
Finally, as required in most geotechnical engineering practices, field 
observations must confirm design assumptions. Construction inspection is critical for waste 
containment systems. 
COMPONENTS OF PASSIVE REMEDIAL SYSTEMS 
Important details regarding each of the major components of passive waste 
containment systems and how geotechnical engineering technology is required for their design 
and construction are discussed below. Further discussion in this paper is limited to passive 
components of waste containment systems. 
TOP SEAlS (CAPS) 
The primary function of a top seal is to maximize precipitation runoff and to 
minimize infiltration. This is done to minimize leachate from the land disposal facility. 
Geotechnical aspects of top sealing utilizing native clays, processed clays, and polymeric 
membrances are discussed in the following subsections. 
NATIVE CLAY TOP SEAlS: In general, the most cost effective top sealing can 
usually be completed utilizing native clay materials from local borrow sources. In many areas, 
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local sources are available to provide compactible clays of relatively low permeability. If 
sui table clays are not available, the obvious decision would be to use another of the top sealing 
alternatives. 
In testing clay caps it is necessary to be aware of natural variability in the 
material and test method in order to provide an accurate representation of the hydraulic 
conductivity. Permeability may be determined in geotechnical laboratories utilizing 
permeability tests conducted in a triaxial cell where the· stress and gradient conditions can be 
closely controlled. Since clay caps are designed to minimize rain water infiltration, it is 
normally not necessary to utilize anything other than tap water or distilled water as a 
permeant. 
The thickness of a clay top seal is generally a minimum of 18 inches (0.4 m) to 2 
feet (0.6 m), based upon the following considerations. First, the top several inches of the clay 
cap cannot generally be as well compacted as the remainder. Further, it is difficult in the 
long term to maintain the clay density in the top few inches due to potential desiccation and 
cracking. Finally, the bottom of the clay cap may be somewhat contaminated during 
installation with the subgrade material. Therefore, the effective thickness of a nominally 2-
foot (0.6 m) cap may be on the order of 1 foot (0.3 m). 
Native clay caps must be protected from erosion due to rain water, cracking due 
to drying, differential subgrade movement, penetration by deep tap roots of vegetation, and 
rutting due to traffic. In virtually all cases, the clay cap should be covered by a minimum of 6 
to 12 inches (0.15 to 0.30 m) of topsoil. Conventional hydrologic studies to determine erosion 
potential are required to prevent gullying and erosion of the clay top seal and topsoil. A 
typical section showing the use of a native clay cap is shown in Figtire 2. 
A clay top seal can generally be placed on slopes as long as they do not exceed 
about two horizontal to one vertical. It is usually preferable to utilize flatter slopes such as 
three or four horizontal to one vertical. The flatter slope more readily permits compaction 
and reduces the risk of local slumping. The thickness of the clay on side slopes may be slightly 
less than the thickness on top of the area. The greater side slope gradients enhance runoff 
greatly reducing the time available available for precipitation to percolate downward into the 
waste containment area. 
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Construction inspection of clay top seals is particularly important. If the top 
seal is not covered soon after the clay is placed and compacted, precipitation can result in 
erosion of the clay top seal. Control of the cap thickness can be by accurate pre- and post-
placement surveys or by probing during placement. 
PROCESSED CLAY TOP SEAlS: If natura]. clay is not available at sufficient 
quality, quantity, or price, alternate capping materials must be considered. Processed clay has 
become a common alternative to natural clay caps. Processed clay is typically a sodium 
montmorillonite from Wyoming, commonly called bentonite. 
The construction of a processed clay cap requires: 1) the application of" the 
bentonite at a controlled rate (e.g. 2 pounds per square foot (95.8 kpa); 2) adequate mixing 
with in-place soils into a predetermined loose lift thickness; 3) compaction of the cap, and; 4) 
hydration of the bentonite. A 4 to 6-inch (0.12 m to 0.15 m) layer of clayey soil with a low 
hydraulic conductivity, generally around 1x10-7 em/sec, is thereby formed. This cap is then 
subsequently covered to prevent desiccation and erosion as would be a cap of natural occurring 
clay. 
The principal advantage of the processed clay cap is the relatively low hydraulic 
conductivity which can be achieved. The principal disadvantage relates to controlling a 
uniform application rate. Other disadvantages may be cost, depending upon the availability of 
naturally occurring clays, and the fact that since the seals are so thin there is little room for 
error. 
. The effectiveness of a processed clay top seal in reducing infiltration requires 
design and construction control of the subgrade materials, subgrade preparation, application 
rate, appplication uniformity, mixing, compaction, hydration and cover. Deficiencies in any 
one of these aspects can result in reduced top seal effectiveness. 
The subgrade materials should be uniform and free of roots, sticks, cobbles, or 
other miscellaneous debris which would preclude a homogeneous blend for the specified seal 
thickness. Further, the material must have water content and material characteristics which 
will not impede the uniform blending of processed clay throughout the soil matrix. This 
moisture content should be near optimum for the soil-bentonite mixture to aid in the 
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subsequent compaction. Compaction studies in a geotechnical laboratory are therefore 
generally required to establish the moisture-density relationship for the soil-bentonite 
mixture. The subgrade must be sloped in such a way to provide positive drainage 
characteristics and preclude ponding of precipitation upon the seal. The stability of the 
processed clay seal must also be considered. Slopes which are steeper than 3.0 horizontal to 
1.0 vertical are not generally recommended. Steep slopes increase the risk of slumping. 
The application rate is generally determined by consideration of the desired 
coefficient of permeability and the available subgrade materials. For a given coefficient of 
permeability, the application rate will vary with the soil type proposed for use in the top seal. 
Laboratory studies can be undertaken to investigate the relationships between coefficient of 
permeability, application rate, soil type, and degree of compaction. The specification can 
then be optimized with respect to these variables. 
Field control of the application rate is essential if the top seal is to perform as 
predicted by the engineering studies. Three methods are generally employed to apply the 
powdered processed clay. The first involves the utilization of an agricultural type lime 
spreader. The second involves the use of a pressurized container and distributor as shown in 
Figure 3. The third is by hand-spreading. With either of the first two methods the application 
rate can be checked by placing a relatively flat container (such as a trimmed cardboard, or a 
tarpaulin) beneath the spreader as it passes. The weight of the material deposited in the 
container can then be determined. The application rate is then computed as a weight per unit 
area. An additional check can be made by determining the total bentonite used for the total 
area treated. This results in the average application rate. Application rates should be 
checked frequently if mechanical applicators are employed. The processed clay can also be 
applied by hand spreading the material fro_m bags in pre-marked grid squares. The bags are 
broken open and the material is raked into a "uniform" thickness across the grid. Hand 
spreading may be more costly, but tighter control can generally be maintained. The 
probability of zones with inadequate application rates can be reduced with hand spreading as 
compared with mechanical equipment application. 
As soon as possible after the application of the processed clay is completed, the 
material is thoroughly mixed with the subgrade. Mixing should result in a uniform blend of 
processed clay and subgrade soils for a top seal of specified thickness. Adjustable rotary 
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tillers appear to provide a positive means to control top seal thickness and homogeneity. 
These tillers can blend the soil and processed clay with depth control devices, and can result in 
a fairly uniform layer thickness. Agricultural disks, graders, and other equipment have also 
been used but control is more difficult. 
Immediately after blending, the processed clay top seal is compacted to the 
minimum density determined during the design studies. Compaction is generally with smooth-
drummed or pneumatic rollers. Sheepsfoot or padfoot rollers are not permitted. 
Hydration of the processed clay cap is usually from infiltrating precipitation. 
Should the site hydrology characteristics show there is a potential for contaminated water to 
reach the top seal, the cap may be prehydrated with uncontaminated water. 
Cover of processed clay top seals to prevent desiccation and erosion is required, 
as with top seals of native clays. The cover thickness required for processed clay seals is 
generally greater than that required for native clay caps. This is because there is little margin 
for disturbance without jeopardizing the seal integrity. 
POLYMERIC MEMBRANE TOP SEALS: Polymeric membranes can be utilized as 
top seals for waste containment. (Emrich and Beck, 1981). These are presently in only limited 
use due to their relatively high cost. Polymeric membranes are available in a wide range of 
material types from numerous manufacturers and distributors. Examples of polymeric 
membranes include polyethylene, chloronated polyethylene, chlorosulfonated polyethlene, 
polyvinyl chloride, butyl rubber, and neoprene. This paper is limited to discussion of the 
geotechnical aspects of polymeric membrane U.sage. Additional information regarding the 
advantageS and disadvantages of the available membranes can be obtained from Haxo, (1981), 
Kays (1977). 
From a geotechnical standpoint, the most important aspects of utilizing a 
polymeric membrane as a top seal are subgrade material, subgrade preparation, slope, and 
final cover. Eq~ally important to these geotechnical aspects is the membrane design, 
placement procedures, field joining of seams, and field testing of the membrane and field 
welds which are beyond the scope of this paper. A typical polymeric membrane top seal 
installation is shown in Figure 4. 
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The subgrade soils must be free of materials which could puncture the membrane 
top seal including sticks, large stones, and miscellaneous debris. Further, the subgrade should 
be graded and compacted to provide for runoff and prevent liquid pending. The final cover is 
typically approximately 18 inches (0.4 m) thick and vegetated to minimize erosion. The cover 
is necessary to protect the membrane from trafficking, and to ultraviolet degradation. 
Careful consideration of slide slopes is required to preclude sliding of cover materials along 
the membrane top seal.· A precipitation infiltrates the cover and flows along the membrane, a 
saturated and weakened zone in the cover material may develop causing a slump of the cover 
material. 
BARRIER WALLS 
The containment of contaminant migration from existing disposal sites or 
impoundments frequently necessitates some sort of a subsurface barrier to horizontal 
groundwater flow. Barrier walls are presently typically as soil-bentonite slurry trench cutoff 
walls, cement-bentonite slurry trench cutoff walls, and vibratory beam cutoff walls. For 
barrier walls to be effective, they must generally key into an impermeable stratum of natural 
materials beneath the site. However, this requirement is not always essential, depending upon 
the hydrogeologic conditions. A discussion of the barrier walls follows. 
SOIL BENTONITE SLURRY TRENCH CUTOFF WALLS: The method of 
constructing soil-bentonite slurry trench cutoff walls is well documented (D'Appolonia, 1980, 
Xanthakos, 1979). A trench is excavated below the ground surface and trench stability 
maintained utilizing a slurry of bentonite and water. This slurry acts to maintain trench 
stability in much the same way as a drilling fluid maintains borehole stability. The bentonite-
water slurry is designed by the geotechnical engineer to have certain density, viscosity, and 
filtrate loss properties which allow for the formation of a filter cake along the walls of the 
trench and which results in a computed factor of safety greater than 1.0. 
Trench depths are generally limited to about 35 feet (11 m) using conventional 
backhoes. In order to achieve depths beyond about 35 feet (11 m), a modified dipper stick is 
required, which can usually be provided by specialty slurry wall contractors. To go beyond 
about 53 feet (16 m) usually requires the utilization of a clamshell. An extended stick backhoe 
capable of excavating 73 feet (22 m) has also been developed (Case, 1981). Clamshell digging 
is typically slower, and can increase the cost of the barrier wall. 
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Once the trench is excavated, the result is a trench filled with bentonite-water 
slurry. It is then necessary to backfill the trench. The backfill normally consists of a matrix 
of a material with or without natural fines mixed with the bentonite-water slurry. The 
backfill materials are mixed and generally controlled on the basis of slump. The backfill is 
usually mixed to consistency of high-slump concrete, and then the trench is backfilled. Care 
must be taken to achieve a uniform mixing of the backfill, and to avoid entrapment of pockets 
of pure bentonite-water slurry in the trench. A schematic of the excavating and backfill 
scheme is shown in Figure 5. A typical section of the completed soil-bentonite cutoff wall is 
shown in Figure 7. 
Much has been written regarding the design of soil-bentonite cutoff walls for 
conventional groundwater control applications (Xanthakos, 1979; Boyes, 1975; Ryan, 1977; 
D'Appolonia, 1980; Millet and Perez, 1980). In order to design soil-bentonite slurry walls for 
waste containment, studies are required beyond those normally required for other applications. 
Chemical analysis of the samples of on-site materials considered as potential backfill 
materials should be considered. If on-site materials are contaminated consideration of the use 
of off-site borrow areas to provide the backfill materials must be made. Once the potential 
source or sources of backfill materials is identified, waste compatability testing is typically 
conducted. Several bentonites are available which are identified as being contaminant 
resistant. Contamination resistance is a relative term and it should be recognized that treated 
bentonite is not totally contaminant resistant to all contaminants at all concentrations. 
However, treated bentonites have been shown to be more resistant to many contaminants than 
an untreated bentonite. Contaminated soils may inhibit or reverse the hydration of the 
bentonite. Conversely, backfill mixed with contaminated soils may be subject to smaller 
property changes when subjected to pollutants than backfills mixed with un-contaminated soils 
(D'Appolonia, 1980). The effect of pore fluids on clay behavior has been r~viewed by Evans, 
et. al., ( 1981). 
It is important to note that many subsurface investigations are conducted 
primarily as hydrogeologic investigations. Physical property testing (Atterberg limit, grain 
size distribution, water content) may not be part of the routine investigation. If remedial 
action is anticipated, it may be desirable to get geotechnical engineering input during the site 
investigation phase to avoid future data gaps. 
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Once one or more backfill sources have been identified, samples of backfill need 
to be created and tested in the laboratory utilizing the bentonites under consideration. The 
most important of these laboratory tests is the triaxial permeability test (Zimmie, et. al., 
1981; Wilson, et. al., 1982). The test is typically conducted utilizing the site leachate, liquid 
waste or groundwater as a permeant. These samples are first set up in a triaxial cell, 
consolidated, and permeated with water. Initial hydration of the bentonite must be with the 
water planned for use during construction, and not distilled water or water from some other 
source. Off-site water may be necessary if the only available on-site water is contaminated so 
as to preclude adequate hydration of the bentonite. Permeability versus time and volume 
change versus time can then be calculated from the test data. The tests are conducted to 
determine the change in permeability in response to the waste liquid. Typical results are 
presented in Figure 7. As shown the data is examinaed in terms of pore volume displacement 
as well as time. For these tests, no degradation in permeability was observed with either 
untreated or treated bentonite. Bentonite suppliers often conduct permeability tests free of 
charge to clients that do not have suitable laboratory capabilities. These tests are conducted 
in fixed wall permeameters as shown in Figure 8. A complete discussion of permeability 
testing to determine the permeant affect on fine-grained soils see Wilson, Evans and Fang, 
(1982). 
When applying cutoff wall geotechnology to waste containment, laboratory 
verification of the slurry and backfill properties is essential prior to the start of construction. 
Shown on Figure 9, is the effect of bentonite content on slurry viscosity for a given mixing 
water. The Marsh viscosity in seconds is an indirect measure of the hydrated viscosity 
characteristics of the bentonite. Note that as bentonite content increased the Marsh viscosity 
increased (i.e. the slurry became thicker). Also note that the Marsh viscosity varied at a given 
bentonite content as the type of bentonite varied. 
These examples are presented to show that the application of cutoff wall 
technology to waste containment requires analysis of the interaction between the bentonite, 
mixing water, backfill, and site groundwater. The long-term performance of a soil-bentonite 
cutoff wall for waste containment must be fully investigated. 
Should a soil-bentonite slurry trench cutoff wall prove to be practicable, detailed 
construction specifications must be written. These specifications must include the source of 
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the mixing water, required hydration time or slurry properties, allowable methods of mixing 
the bentonite slurry and the backfill, the bentonite-water viscosity and density limits, 
approved sources of the backfill, and allowable methods of backfill placement. An excellent 
treatment of slurry wall specifications is given by Millet and Perez, (1981). 
Clooe construction control is required. Consideration must be given to the 
disposal of excavated soils should they be categorized as contaminated. Finally, proper 
planning for work safety is essential should a barrier wall be planned for containment of 
previously disposed wastes. 
CEMENT-BENTONITE SLURRY TRENCH CUTOFF WALLS: As an alternate to 
soil-bentonite cutoff walls, cement-bentonite cutoff walls can be utilized. The trenches are 
excavated in a manner similar to soil-bentonite walls utilizing a slurry to maintain trench 
stability. However, in contrast to a soil-bentonite wall, the slurry consists of cement in 
addition to water and bentonite, and no backfill is added. The slurry is left in the trench and 
allowed to harden. A strength equivalent to stiff to very stiff clay can be obtained with the 
cement-bentonite slurry wall after a period of a month or so. Design considerations include 
the cern ent, and bentonite content and type, and their relationship to the strength and 
permeability of the backfill. Leachate compatibility tests must be conducted utilizing the site 
pollutant as permeant. Clooe control again must be given to the source of the mixing water. 
VIBRATING BEAM SLURRY WALLS: Barriers to horizontal groundwater flow 
and contaminant migration have been designed and construction using the vibrating beam 
injection method. This technique utilized a vibratory-type pile driver to cause the penetration 
of a beam of specified dimensions to the design depth. Slurry is added through injection 
nozzles as the beam penetrates the subsurface and as the beam is withdrawn. A schematic of 
this system is shown in Figure 10. 
The slurry utilized with the vibrating beam technique is generally either of two 
types, cement-bentonite, or bituminous grout. Mix design considerations for cement-bentonite 
were previously discussed in this paper. Bituminous grouts are prepared as a homogeneous 
blend of asphalt emulsion, sand, portland cement and water. Flyash may also be included. It is 
reported that this bituminous grout can resist strong acids and high saline content wastes 
(Schm ednecht, Zlam al, and Nelson). The engineer must be aware of the detailed aspects of 
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thin slurry wall barriers installed by the vibrating beam technique in order to assure an 
adequate waste containment design and installation. The specification may include the slurry 
mix design, installation equipment requirements batch, mixing equipment requirements, 
verticality limits, injection pressure, overlap, depth, injection and extraction rates and 
procedures, and wall thickness. Control of the tip location cannot be guaranteed, particularly 
with deep penetrations. For example, the presence of cobbles or boulders may cause a 
deflection of the tip. As in the case of conventional slurry walls, compatibility testing is 
necessary to investigate the slurry resistance to the contaminant being contained. A principal 
advantage of this technique is the elimination of the need to excavate potentially 
contaminated soils, possibly an important safety consideration for a barrier wall around active 
or retired facilities. 
BOTTOM SEALS 
In working with new facilities, or transferring existing contaminated materials to 
new impoundments, it is frequently necessary to design some sort of a liner system. The major 
function of a liner is to prevent leachate or waste from entering the groundwater regime. 
Liners, as with caps, can consist of native clays, processed clays, or polymeric membrane 
liners. With all materials, compatibility testing is essential to determine the liner resistance 
to the waste or leachate to be contained. 
The geotechnical considerations for the design and construction of liners include 
many of the same considerations discussed in the previous section discussing top seals. Only 
additional details unique to the use of natural clay, processed clay, and polymeric membranes 
as liners are discussed in the following subsections. 
NATIVE CLAY LINERS: The compatibility between the natural clays and the 
waste. is an important design consideration for the use of natural clays as liners. It is 
important to ascertain the volume change and permeability change characteristics of the 
proposed clay liner material. The bulk transport of liquid waste must be precluded. Bulk 
transport of liquid through· clay liners could occur due to differential settlement of the 
foundation materials. Tensile stresses within the liner could also result in cracking and 
subsequent bulk transport of liquid waste through the liner. For a complete discussion of soil 
cracking mechanisms, see Fang, et. al., (1982). 
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The determination of liner/waste compatibility requires site specific studies. 
The compatibility is a function of both waste type and concentration. Studies of clay-waste 
compatibility conducted to date (Anderson and Brown, 1981, Fong and Haxo, 1981, Green, et. 
al., 1980, Matrecon, 1980 and Evans, et. al.) have shed considerable light upon the subject. 
Despite these recent advances, laboratory tests under triaxial stress and gradient conditions 
can yield site specific data from which to evaluate the suitability of a natural clay liner. 
PROCESSED CLAY LINERS: The unique design and construction geotechnical 
considerations for the use of processed clay for liners also relate to waste compatibility. The 
volume change characteristics of the processed clay are especially important. Generally, the 
processed clay is mixed with the subgrade material to form the impermeable liner. The 
impedance to groundwater flow is typically primarily by the processed clays, especially when 
the matrix soil is relatively free of natural fines. Hence, if the processed clay is subject to 
shrinkage u~on exposure to the waste, large increases in permeability can occur. Even greater 
flow can occur if bulk transport of liquid waste occurs due to liner cracking. The hydration of 
a processed clay liner with uncontaminated water prior to waste disposal is recommended 
(Hughes, 1975). 
POLYMERIC MEMBRANE LINERS: As with other liner types waste 
compatibility (not a geotechnology problem) is the major design consideration. It is noted, 
however, that the permeability of a polymeric liner can occur with liner stretching. Thus, 
total and differential foundation settl.ement can impact the liner design. The geotechnical 
aspects of liner subgrade preparation have previously been discussed. Additional, typically 
non-geotechnical, aspects of polymeric membrane liners can be found in Gunkel, 1981, and 
Pacey, et. al., 169. 
SUMMARY AND CONCLUSIONS 
It is concluded that the application of conventional ground and surface water 
control techniques to waste containment systems requires special considerations beyond 
conventional design practices. Further, the application of geotechnology is essential to the 
adequate performance of these systems. 
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